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Afterwards, temperature-dependent luminescence studies have been performed as shown in Figure S1c .
Preparation of H-ZSM-5 catalyst. The catalyst for the Methanol-to-Hydrocarbons (MTH)
reaction was a commercially available zeolite ZSM-5 from Zeolyst with a crystal size of 200-800 nm and Si/Al ratio of 25. In order to convert the zeolite into its H-form the zeolite powder was SEM images were made using a Phenom ProX.
B. Figures
Luminescence characterization and calibration. Luminescence studies of all three different systems showed temperature-dependent luminescence behavior, as shown in Figure S1 .
Luminescence spectra were obtained upon excitation at 980 nm with intervals of 25 K from 300 K (black spectrum) up to 900 K (orange spectrum). The spectra are normalized on the maximum intensity of the peak centered at around 541 nm. Figure S1 clearly shows that the 2 H 11/2 -4 I 15/2 emission intensity increases with respect to the 4 S 3/2 -4 I 15/2 emission upon increasing temperatures (black to orange). This temperature-dependent luminescence derives from the small energy difference between the 4 S 3/2 and 2 H 11/2 states, which was determined to be ca. 700 cm -1 (several kT) from the spectra at 300 K. Due to the small energy difference between the 2 H 11/2 and the 4 S 3/2 state, thermal energy is sufficient to efficiently facilitate fast equilibration between the two excited states and therefore the two states are thermally coupled. Consequently, the populations of the two excited states is governed by a Boltzmann distribution, 7 as shown in equation S1.
Here, N 2 and N 1 are the populations from state i, ∆E the energy difference between the two excited states, k the Boltzmann constant and T the temperature. Equation S1
shows that the ratio between N 2 and N 1 becomes higher with increasing temperature, which is in line with our observations in Figure S1 . The emission intensity is proportional to the population and therefore we can rewrite equation S1, resulting in equation S2.
Here, the logarithm of the ratio of the emission intensities (I 2 /I 1 ) scales linearly with reciprocal temperature as shown in the inset of Figure S1 . The linear behavior could be fitted (blue lines)
with linear fits and from the steepness of the curve the ∆E could be calculated. The calculated values of 700-750 cm -1 correspond well with the value of ca. 700 cm -1 obtained from the room temperature spectra. Figure S1 shows that the temperature-dependent emission follows a clear trend, which can be exploited to determine unknown temperatures upon readout of the emission spectrum and subsequent calculation of the emission intensity ratio. Figure S2 . Photograph of the setup used during in situ temperature measurements and a schematic representation of the fixed bed quartz reactor filled with catalyst and NaYF 4 :Er,Yb.
The MeOH is introduced from the top and all reaction products were analyzed with an online
GC. An optical fiber probe was placed at three different heights of the reactor bed. In order to minimize the collection of specular reflection of the excitation laser, the reactor was axially rotated in such a way that the excitation laser hit the quartz window at an angle of ca. 120
degrees. Figure S3 . Products obtained during the reaction as determined by online GC. The products are plotted on the left y-axis, while the MeOH conversion was plotted on the right y-axis. The higher carbon species (≥C 6 olefins and paraffins, aromatics and coke) are no longer distinguishable with the GC and therefore not shown here.
